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論 文 要 旨 
 The density and sound velocities of the Earth’s interior have been known based on the 
seismological observations, as well known as Preliminary Reference Earth Model (PREM). Although the 
Earth’s core is regarded as an Fe(–Ni) alloy, its density is lower than that of Fe, and sound velocities of the 
 
core could not be explained by those of pure Fe at the core conditions. Therefore, the Earth’s core is 
supposed to contain light elements to explain the density deficit and differences of sound velocities 
between Fe and the Earth’s core.  
 Carbon is one of the most important candidates for light elements in the Earth’s core. Especially, 
Fe3C, which is one of the Fe-carbide, is focused in this study. In order to understand the carbon effect to 
physical properties of Fe and discuss the carbon in the core, three experiments were carried out about 
melting relations and a stable phase in Fe–C system (Chapter 2), compression behavior (Chapter 3), and 
sound velocity measurements of Fe3C (Chapter 4). 
 
 First study is about the determination of phase diagrams of Fe3C and the Fe–Fe3C binary system 
by in-situ X-ray diffraction experiments at BL10XU beamline at SPring-8 facility and chemical analysis of 
recovered samples by EPMA. The incongruent melting temperature of Fe3C to liquid and Fe7C3 was 
determined up to 200 GPa, and Fe3C was observed as a stable subsolidus phase up to 340 GPa. This result 
strongly supports that Fe3C is a potential constituent of the core, contrary to some previous studies. In 
addition, the Fe–Fe3C eutectic composition was suggested to move to Fe-rich side with increasing pressure. 
Therefore, the stable P–T conditions of Fe-carbides, such as Fe3C and Fe7C3, could be expanded to Fe-rich 
compositions. 
 Second is focused on the compression behavior of Fe3C under the high pressure and high 
temperature conditions based on in-situ X-ray diffraction experiments at BL10XU beamline of SPring-8 
facility. Pressure and volume relations of Fe3C were obtained from 70 GPa up to 180 GPa, and ~ 2300 K. 
The equation of state (EOS) of Fe3C at high temperature conditions was obtained using P–V–T relationship. 
The density of Fe3C at 329 GPa and 5000 ~ 6000 K calculated from the EOS was compatible with PREM 
profiles. 
 Last study is about sound velocity measurements of Fe3C by the inelastic X-ray scattering (IXS) 
method at BL35XU and BL43LXU beamline of SPring-8 facility. Sound velocity (VP) of Fe3C was 
determined up to 84 GPa and ~ 2300 K. Present results indicated that the temperature effects for the sound 
velocity of Fe3C was weaker than that of Fe. VP and VS of Fe3C were estimated to be 12 % and 48 % faster 
than those of PREM at 329 GPa and 5000 K respectively. It should be considered the premelting effect 



















温度条件は 4300 K まで条件で融解実験を行い､また室温において地球内核の圧力条件に相当
する 340 GPa までの条件において相平衡実験を行った。その結果､Fe3C は約 200 GPa の圧力




晶化シナリオを考えた場合、地球内核は Fe7C3や Fe3C の炭化物を含む層構造をすることが予
想される。 
第二に､Fe3C の高温高圧下における圧縮挙動を明らかにし、地球内核の圧力条件における
Fe3C の密度を推定した。放射光施設 SPring-8 において 180 GPa, 2300 K までの圧力・温度条
件において Fe3C の X 線回折パターンを取得した。取得したデータから体積を求め、常温の
Birch-Murnaghan の状態方程式に Mie-Grüneisen-Debye の高温補正を施し、Fe3C の密度の温度
圧力依存性を決定した。得られた状態方程式から計算した内核圧力条件での Fe3C の密度と
地震波観測から見積もられる地球内核の密度を比較すると、内核の温度条件を 5000 K と仮
定すると、内核の密度は Fe3C のみで説明可能であるという結果を得た。 
第三の実験として､高温・高圧下での Fe3C の地震波伝搬速度(VP)を非弾性Ｘ線散乱法によ
り測定した｡その結果､Fe3C の Birch の法則(密度と VPの間の線形な関係)には温度の効果が小
さいことを明らかにした。Birch の法則を地球内核の圧力条件の密度まで外挿した結果、
Fe3C の VP は地球核に比べて約 12%速いという結果を得た。しかし近年報告されている
Premelting 効果や部分融解によって急激に VPが減少する減少を考慮した場合、地震波観測か
ら得られる密度と VPの両者を Fe3C のみで満たすことができる。 
以上の研究は､髙橋豪が自立して研究活動を行うに必要な高度の研究能力と学識を有する
ことを示している｡したがって､髙橋豪の博士論文は､博士(理学)の学位論文として合格と認め
る。 
 
 
 
 
 
